Certain human DNA sequences are much less methylated at CpG sites in sperm than in various adult somatic tissues. The DNA of term placenta displays intermediate levels of methylation at these sequences (Sp-0.3 sequences). We report here that pluripotent embryonal carcinoma (EC) cells derived from testicular germ cell tumors are hypermethylated at the three previously cloned Sp-0.3 sequences and seven newly isolated sequences that exhibit sperm-specific hypomethylation. In contrast to their hypermethylation in EC cells, the Sp-0.3 sequences are hypomethylated in a line of yolk sac carcinoma cells, which like placenta, represent an extraembryonic lineage. These DNA sequences, therefore, appear to be subject to coordinate changes in their raethylation during differentiation, probably early in embryogenesis, despite their diversity in copy number (1 to 10 1 *) and primary structure. Two of these Sp-0.3 sequences are highly homologous to DNA sequences in human chromosomal regions that might be recombination hotspots, namely, a cryptic satellite DNA sequence at a fragile site and the downstream region of the 6-globin gene cluster.
Despite the variety of primary structures and copy numbers of these sequences, they appear to be part of a large group of sequences whose methylation levels change coordinately during differentiation.
MATERIALS AND METHODS
Sources of DNA. High-molecular-weight DNA was isolated from sperm and postnatal human tissues as previously described (11). Unless otherwise specified, these human tissues were from adult male autopsy samples. Term placenta and amnion were also isolated and used for DNA extraction (29) . 
Cultured WISH (31) and

RESULTS
Specific methylation patterns in somatic tissues versus in sperm. We studied three previously described cloned DNA inserts, Sp-0.3-12, -15 and -16, (29) and seven newly isolated ones (Sp-0.3-4, -5, -7, -8, -10, -23, -40) shoving sperm-specific hypomethylation (Table 1 ). When each of these was used as a probe for blot hybridization, a much lower-molecular-weight distribution of hybridizing bands was obtained from sperm DNA digested with the CpG methylation-sensltive enzyme HpaII than from analogous digests of adult somatic DNAa ( Figs. 1-3 Fig. 4A ; Table 1 • .
••*. Table 1 ).
The EC cell line NT2/D1, which of all the tested EC lines is capable of the greatest extent of in vitro differentiation, was induced to differentiate DNA from sperm pooled from several donors, term placenta or anmion, adult brain, heart, lung, and liver, and from three relatively undifferentiated, human EC cell lines, NT2/D1, 2102EP and 833KE, was used for digestion with Hpall and blot hybridiration with the probe Indicated in the first column. The yolk sac carcinoma cell line that was tested was 1411H. Symbols: -, almost no detectable nethylation at Hpall sites; -/+, most, but not all, copies are undermethylated at Hpall sites; for sequences that are largely methylated, the relative extent of methylation is indicated as + to Mil; ND, not determined. Furthermore, by blot hybridization analysis, the human alphoid satellite DNA (EcoRI-dimer), which was more methylated In adult somatic tissues (25) and undifferentiated EC cells (Fig. 4B) than In sperm DNA, became slightly hypomethylated in NT2/D1 cells eight weeks after the initiation of retinolc acid treatment (Fig. 4B) . The small degree of demethylation of this EcoRI-diaer upon differentiation of the EC cells might be related to small differences In the extent of methylation of several of the Sp-0.3 sequences in different tissues (Fig. 1 & legend to Fig. 2) . repeated once, in tandem, with 78Z honology between tbe copies (Fig. 7) . Each copy of the 41-bp repeated element contains the sequence CCAAT and in another part of this cloned insert there is the sequence GGGCGG (Fig. 7) ; these oligo- Table 1 ). This may be the result of very early de novo methylation followed by much demethylation of these sequences as these extrasomatic lineages form. Alternatively, de novo methylation may occur to a lesser extent in the trophoblast and yolk sac lineages. In contrast to the hypomethylation in placenta of the Sp-0.3 sequences described in Table 1 , two sequences that we cloned were hypermethylated in placenta relative to all the other studied cell populations (Fig. 8) 
